The purpose of this study was to determine the effectiveness of the use of community health workers (CHWs, aka promotoras de salud in Spanish) in the control of type 2 diabetes (diabetes mellitus) in the Rio Grande Valley (RGV). Known from the literature as "a disease of the 21st century" and being the third leading cause of death in the United States, type 2 diabetes is a very common disease in the RGV because of its predominantly Mexican American population, a group genetically vulnerable to the disease. Unlike prior studies that examined the overall effectiveness of the CHW model, the authors used registered CHWs as primary diabetes educators. Another innovation of this study was the authors monitored a wide range of biologic (HbA1c and body mass index [BMI]) and behavioral (diabetes knowledge, self-efficacy, self-management activities scores) outcomes. The research hypothesis was that the educational service provided by CHWs to the diabetic patients would assist them in controlling their disease. The design of the study was experimental. The target population consisted of Mexican American adults from RGV diagnosed with type 2 diabetes and willing to participate. The intervention group received monthly visits from CHWs. The results showed a significant improvement after one year of intervention in all outcomes, except BMI, in the experimental group.
Research Problem
Type 2 diabetes is one of the leading morbidity and mortality causes in the Rio Grande Valley (RGV). 1, 2 The diabetesrelated death rate in the region is nearly 25% greater than the state rate. 1, 3 In some areas of the RGV, type 2 diabetes affects 50% of the adult Mexican American population. 3, 4 This is in addition to the fact the health conditions in the RGV are generally worse than in the state of Texas, a considerable cost to the state's taxpayers. 2 As of now, the community health worker (CHW) model represents an emerging resource to assist in addressing the questions of how to deliver quality care in RGV that is affordable, accessible, and culturally competent. CHWs, also known as promoters of health (promotoras de salud in Spanish), have been working with marginalized populations in the United States since the 1960s. In a decentralized health system, CHWs form a significant part of the chain as a link to final consumers of health services. This reflects the main objectives of decentralization: improved quality and reduced costs of service delivery. 5, 6 Another important role that CHWs play is promoting health literacy. Several studies identified functional health illiteracy as one of the major impediments to achieving glycemic control among disadvantaged populations, especially Latinos. 7, 8 As non-native English speakers, Latinos often struggle with basic tasks when managing a chronic condition such as reading and comprehending prescription bottles, appointment slips, self-management instructions, and educational brochures. Inadequate functional health literacy can be a barrier to controlling disease and can subsequently lead to poor health outcomes and increased health care costs.
Research Question and Approach
Our research question can be stated as follows: Will adults who will receive home visits by CHWs have significantly better health and behavioral outcomes than those who do not? To address this question, we have drawn from community-based participatory research. 9, 10 The communitybased participatory approach emphasizes the local relevance of public health problems and an examination of the social, economic, and cultural conditions that influence health status and the ways in which these affect lifestyle, behavior, and community decision making. At the individual level, we relied on the chronic disease self-management approach, which focuses on improving outcomes of individuals with chronic disease by enhancing self-efficacy and self-management behaviors. 11 According to this approach, knowledge about diabetes and how to manage it is essential but not sufficient for effecting behavioral change. This approach implies that enhancing self-efficacy-the belief that one is capable of performing a specific task or a specific goal-results in improved outcomes.
Variables
We focused on behavioral (diabetes knowledge, self-efficacy, and self-management activities scores) as well as biologic (HbA1c and body mass index [BMI]) outcomes. Our control variables included gender, age, marital status, education, and income. Diabetes knowledge was measured using the 24-item Diabetes Knowledge Questionnaire-Spanish version proposed by Garcia et al. 12 There are three response categories in the questionnaire: yes, no, and I don't know. Items are scored as correct and incorrect, and the correct items are summed to attain a total score, with higher scores equating to greater diabetes knowledge. We measured self-efficacy using the 8-item Spanish version of the Self-Efficacy for Diabetes Scale developed by Lorig et al. 13 The scale includes questions about confidence in performing various diabetes self-management behaviors and is reliable for Spanish-and English-speaking individuals. Responses are given on a 10-point scale ranging from 1 (not at all confident) to 10 (totally confident). The total score is the mean of the 8 items, and higher scores indicate higher levels of self-efficacy.
To operationalize self-management behaviors, we used the scale developed by Toobert et al. 14 This 12-item selfreport instrument measures levels of self-management behaviors for various components of diabetes care including diet, medications, and blood glucose testing. The respondents are asked to circle how many days in the past 7 days they performed a specific behavior. Response choices range from 0 to 7, and higher scores indicate a higher level of performance in self-management activities.
Method
This study is based on an experimental design or, more precisely, a prospective, matched-subjects, repeated-measures design. We targeted individuals with type 2 diabetes 30 years of age or older. Participants were referred by the community health centers. We contacted several nonprofit community-based health centers in Hidalgo County to pass information about the project and informed consent forms (in English and in Spanish). We decided to use community health centers as recruitment agents and not physicians with private practice because, first, it is consistent with the community-based participatory approach and, second, because the centers serve a predominantly poor or medically indigent immigrant population.
We made sure that none of these individuals had participated in any intervention studies, either pharmacological or behavioral. The participants were matched on the basis of the demographic indicators (age, gender, race/ethnicity, marital status, family income, and education level) and HbA1c levels and placed into the intervention and the control groups. Matching participants prior to assignment to the treatment condition is one of the most frequently used methods to hold extraneous variables constant for all participants. This is an important step to guard against threats to external validity of the study. Because of matching, the intervention and control groups did not differ significantly on any of the aforementioned demographic measures.
The participants assigned to the study group have been receiving monthly visits by CHWs. The CHWs had a high school equivalence degree and were certified as promotoras by the state of Texas. The CHWs contacted participants by telephone to schedule a monthly visit. If participants could not be contacted personally, messages were left on answering machines or with family members. The content of the CHW educational message followed the National Diabetes Education Program guidelines and included pathophysiology of diabetes, complications, treatment modalities, diet, exercise, and self-management strategies. Self-monitoring of blood glucose and interpretation of results were also included. 15, 16 Content on stress management, heredity, and culture (including traditional Mexican American ideas of causes of diabetes) was included as well because previous studies had identified its inclusion as being an important cultural modification to standard diabetes content. 17, 18 
Results
As Table 1 shows, the majority of the sample was female (83%), with a mean age of 54.5 (SD = 7.4, range = 42-66). There was no difference (p = .78) between the intervention and control groups on gender with 87% of the intervention group and 80% of the control group being female. The groups did not differ in terms of age either. The majority of respondents (77%) in the sample were married. Years of education were not significantly different (p = .67) between the two groups, with the majority of the sample having less than 10 years of schooling (SD = 3.4). The majority of participants were in a low socioeconomic bracket with 87% reporting an income of less than $20,000 a year.
Univariate analysis (ANOVA) was used to determine the effectiveness of intervention. This statistical technique that tests the equality of means is suitable for longitudinal research, as this one. In our case, time is a repeated factor. The results of these analyses are shown in Table 2 . After the year of intervention, improvements were noted in all biological and behavioral outcomes, with the exception of BMI. The absence of significant change in BMI can be explained by the relatively short period of the study. Theoretically, it is not realistic to expect a significant weight loss in one year. 19 The intervention resulted in a decrease in HbA1c, which was significantly lower relative to the control group. As shown in Table 2 , the average starting HbA1c level of the intervention group was 7.7 and of the control group was 7.6. The blood tests conducted after 12 months revealed a statistically significant reduction of HbA1c levels in the intervention group to 6.8 since the beginning of the study. At the same time, HbA1c level of the control group increased slightly to 7.9. The difference in HbA1c between the two groups, absent at the beginning of the study, became significant after the one year of intervention.
Diabetes knowledge increased in both the intervention and control groups, but significant improvement was observed for only the intervention group. In the experimental group, diabetes knowledge (the count of items correct) increased by 16% from the baseline. In the control group, a slight increase of 4% was observed from the baseline.
Similarly, intervention resulted in the growth of self-efficacy score by 20%, which was significantly lower relative to the control group (p < .01). Among the behavioral outcomes, the most impressive impact, perhaps, of the intervention was on the self-management scale. The self-management score increased by 58% in the intervention group from the beginning of the study. For the control group, on the contrary, did not experience a significant increase in self-management score (only 0.1 point).
Discussion
Although there has been a surge in research focusing on community-based participatory approach, little attention has been paid to the behavioral outcomes that underscore an ideational change. 20, 21 By measuring a number of behavioral outcomes (in addition to health outcomes), we attempted to fill the gap in the literature on the role of CHWs in diabetes knowledge, patients' self-efficacy, and self-management. Furthermore, only few studies framed within community-based participatory approach examined the effect of CHWs on glycemic control in the RGV. Hence, given its regional focus, the study may offer fresh insight on the question of whether the CHW model alleviates some of the burden on the RGV health care system. In addition, we used registered, well-trained CHWs as the primary diabetes educators. This is a novel approach because the majority of previous studies entrusted CHWs with a supporting role. 21 We found the monthly visits by CHWs were effective in lowering patients' HbA1c and raising their diabetes knowledge, self-efficacy, and self-management. The findings from this study will contribute to preventing a diabetes 2 epidemic and promoting sustainable prohealth behaviors among diabetes patients in the RGV. We believe that enhanced understanding about effective practices in diabetes self-efficacy and self-management will produce stronger research designs, better interventions, and healthier communities. Research-based findings that identify culturally specific elements, supportive policies and environments for successful CHW interventions will allow communities and the health care system in the RGV to use the CHW model more effectively to combat the diabetes 2 epidemic.
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